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IBTRODUCTI ON 
With some airplanes the approach to the stall is ac- 
companied by changes in the behavior, such as tail buffet- 
ing or changes in the control characteristics of the air- 
plane so that the pilot obtains a warning of the impending 
stalJ. Vith other ariplaues it is possible to approach 
the stall without any perceptible warning other than the 
reading of the air-speed meter, in which case the danger 
of inadvertent stalling is considerably greater, Although 
it is not within the scope of this paper to discuss stall- 
ing characteristics, it is desired to point out that in 
general the danger of inadvertent stalling is greatest 
with thosc airplanes that benave worse when the stalling 
occurs; that is, with airplanes in which the stall starts 
at the wing tips. A warning of the impending stall is de- 
sirable in any ca.se, but is particularly desirable with 
airplanes of the latter type. 
When there is nothing in the beha,vior or control 
characteristics of the airplsne that indicates the impend- 
ing stall, great dcpcndenco aust be placed on the air-speed 
meter, Unfortunatzly, bonovcr, thc stalling speed varies 
with wing loading and the air-speed meter therefore is not 
a reliable stall indicator, Then the load changes or the 
airplane undergoes acceleration, as, for example, in turns, 
tbe stalling speed increases in proportion to the square 
root of the load factor 
factor 
In horizontal turns the load factor is directly related 
to the angle of bank 
1 
Load factor = ----- 
cos angle of bank 
so  t h a t  f o r  n o r i z o n t a l . t u r n s  
1 
v s t a l l  "Iin J--- 
c o s  a n g l e  of bank 
The l o a d  f a c t o r  a n 3  t h e  r a t i o  of V s t a l l  t o  V m i n  i n  
t a r n s  a r e  p l o t t e d  i n  f i g u r e  1 t o  show how t h e s e  q u a n t i t i e s  
v a r y  w i t h  a n g l e  of bank .  The c u r v e  of s t a l l i n g  speed  i s  
a n  i d e a l  one t h a t  d o e s  n o t  t a k e  i n t o  n.ccount t h e  i n f l u e n c e  
of e r r o r s  i n  t h e  a i r - s p e e d  me te r  r e a d i n g .  I n  g e n e r a l ,  
s u c h  e r r o r s  m i l l  f u r t h e r  c o m p l i c a t e  t h e  s i t u a t i o n  because  
c a l i b r a t i o n s  mads i n  s t e a d y  f l i g h t  w i l l  n o t  a p p l y  i n  ac -  
c e l e r a t e d  f l i g h t  u n l e s s  t h e  c o r r e c t i o n  f o r  p o s i t i o n  e r r o r  
of t h e  a i r - s p e e d  head i s  n e g l i g i b l e .  I f  a n  i n s t r u m e n t  i s  
t o  b e  w e d  t o  g i v e  a w a r n i n g  of t h e  s t a l l ,  t h e r e f o r e ,  i t  
a p p e a r s  d e s i r a b l e  bha t  i t s  f u n c t i o n i n g  s h o u l d  be dependent  
on . a n g l e  of a t t a c k  r a t h e r  t h a n  a i r  speed .  T u r t h e r m o r e ,  i t  
seems d e s i r a b l e  i n  o r d e r  t o  a v o i d  t h e  n e c e s s i t y  f o r  watch- 
i n g  t h e  i n s t r u m e n t  c o n t i n u o u s l y  t h a t  i t  b e  a r r a n g e d  t o  
give a  warn ing  s i g n a l  when a s a f e  l i m i t  h a s  been  r e a c h e d .  
STALL-  7ARBrI UG DESJT CE 
A s t a l l - w a r n i n g  d e v i c e  l e v e l o p c d  by  t h e  N a t i o n a l  
A d v i s o r y  Committee f o r  A e r o n ~ u t i c s  i s  shown d i ag rammat i -  
c a l l y  i n  f i g u r e  2.  I t  makes u s e  of a mod i f iod  t y p o  of 
p i t o t - s t a t i c  head s e t  c l o s c  t o  t h e  wing s u r f a c e  i n  a r e -  
g i o n  w h e r e i n  s t a l l i n g  o c c u r s  ( o r  i s  made t o  o c c u r )  a t  a n  
a n g l e  of a t t a c k  c o n s i d e r a b l y  below t h a t  a t  which  t h e  main 
p o r t i o n  o f  t h e  wing s t a l l s .  Tk i s  head  i s  c o n n e c t e d  t o  a 
p r e s s u r e  c e l l  f i t t c d  w i t h  e l e c t r i c a l  c o n t a c t s  a n d  f o r  ob- 
s e r v a t i o n s  d u r i n g  t e s t s  i t  may a l s o  b e  c o n n e c t e d  t o  a 
c o n v e n t i o n a l  a i r - s p e e d  m e t e r ,  \Then t h e  a i r  f l o w  i n  t h e  
r e g i o n  i n  wh ich  t h e  h e a d  i s  l o c a t e d  b r e a k s  away f r o m  t h e  
wing s u r f a c e ,  t h a t  i s  t o  s a y ,  when l o c a l  s t a l l i n g  o c c u r s ,  
t h e  p r e s s u r e  i n d i c a t d b y  t h e  head  d r o p s  s h a r p l y  t o  z e r o ,  
W h ~ n  t h i s  o c c u r s  t h e  c l c c t r i c a l  c o n t a c t s  c l o s e  o c i r c u i t  
t h a t  o p e r a t e s  a warn ing  s i g n a l ,  The s i q n a l  a s  u s e d  i n  
f l i g h t  t e s t s  of t h i s  d e v i c e  was a  h o r n  such  a s  t h a t  u s e d  
w i t h  r e t r a c t a b l e  l a n d i n g  g e a r s ,  b u t  of c o u r s e  a n y . s u i t a b l e  
t y p e  of w a r n i n g  may be  u s e d .  
I n  c e r t a i n  c a s e s  i t  mag be known a s  t h e  r e s u l t  of 
a i r - f l o w  s u r v e y s  w i t h  s i l k  t u f t s  o r  o t h e r  mean$ t h a t  
t h e r e  i s  a  r b g i o n  where in  . l o c a l  s t a l l i n g  o c c u r s  s u f f i -  
c i e n t l y  b e f o r e  t h e  s t a l l  of t h e  main p o r t i o n  of t h e  wing 
s o  t h a t  t h o  a r t i f i c i a l  p r o d u c t i o n  of such  a regio 'n i s  
u n n e c e s s a r y ,  The more g e n e r a l  c a s e ,  however, i s  one i n  
nhich i t  i s  n e c e s s a r y  t o  produce such  a  r o g i o n  a r t i f i -  
c i a l L y ,  Tho r e q u i r e m e n t s  of t h e  ar rangement  used  i n  such 
c a s e s  a r e  t h a t  i t  shou ld  produce l o c z i  s t a l l i n g  e a r l y  
enough so  a s  t o  p r o v i d e  ample warning of t h e  comple te  
s t a l l  and t h a t  i t  s h o u l d  no t  a d v e r s e i y  a f f a c t  t h e  aerody- 
namic c h a r a c t e r i s t i c s  of t h e  a i r p l a n e ,  I t  appeared  t h a t  
t h e  most s u i t a b l e  means f o r  accompl i sh ing  t h i s  r e s u l t  w a s  
t h e  u s e  of a s h a r p  l e a d i n g  edge over  a smal l  p o r t i o n  of 
t h e  wing . s p a n ,  F l i g h t  e x p e r i m e n t s ,  t h e r e f  o r e ,  were made 
w i t h  such a n  a r rangement .  
The hkad used i n  t h e  exper iments  w i t h  d i f f e r e n t  nose 
p i e c e s .  i s  sliown fLn f i g u r e  3 .  Table I shows t h e  v a r i o u s  
a r rangemehts  of sha rp  edge and head t h a t  were t e s t e d  and 
f i g u r e  4 shows pkiotographs of combinat ion  H. For  t h e  
t e s t s  t h e  c o n t a c e i n g  d e v i c e  was s e t  t 3  o p o r a t e  when t h e  
w l o c a l  a i r  speed a s  i n d i c a t e d  by t h e  s t a l l - w a r n i n g  d e v i c e  
dropped below 70 m i l e s  p e r  hour.  As w i l l  be shown l a t e r ,  
t h i s  s e t t i n g  was a p p r e c i a b l y  below a h a t  would normal ly  be 
t h e  l o c a l  v e l o c i t y  over  t h e  curved p o r t i o n  of t h e  l e a d i n g  
edge of ' t h e  n i n g  a t  t h e  minimum speed  of t h e  a i r p l a n e  on 
which t h e  t e s t s  were made. A c o a s i d e r a b l e  v a r i a t i o n  of 
t h i s  s e t t i n g ,  however, would no t  have  a l t e r e d  t h e  r e s u l t s  
a p p r e c i a b l y .  
.FLIGHT TESTS AND RESULTS 
The a i r p l a n e  used i n  t h e  t e s t s  was a F a i r c h i l d  22 
f i t t e d  mi th  a n ing of rectangular p l a n  form, h a v i n g  a 
chord of 6 6  i n c h e s  and a n  N - q 2  s e c t i o n .  This  wing n a s  
equipped w i t h  f u l l - s p a n , Z a p  f l a p s .  The head of t h e  s t a l l -  
warning d e v i c e  was p l a c e d  ou tboard  from t h e  c e n t e r  a d i s -  
t a n c e  e q u a l  t o  about  t w o - t h i r d s  t h e  semispan whore e a r l y  
s t a l l i n g  d i d  no t  normal ly  occur .  Throughout t h e  t e s t s  
a n  a i r - s p e e d  meter was connected  i n  t h e  l i n e  of t h e  s t a l l -  
warning d e v i c e  so  as t o  o b t a i n  more complete i n f o r m a t i o n  
1 . concern ing  t h e  f u n c t i o n i n g  of t h e  d e v i c e  than  c o u l d  be ob- 
t a i n e d  b y ' u s e  of t h e  warning s i g n a l  a l o n e .  
The f l i g h t  t e s t s  of d i f f e r e n t  a r rangements  were made 
i n  o rde r  t o  de te rmine  one t h a t  was u n o b t r u s i v e  a n d  a t  t h e  
same t ime would g i v e  s u f f i c i e n t  warning i n  s t r a i g h t  f l i g h t  
and i n  t u r n s .  For t h e  s m a l l  l i g h t  a i r p l a n e  on which t h e  
t e s t s  were made, i t  mas dec ided  a r b i t r a r i l y  t h a t  a  sat is-  
f a c t o r y  warn ing  c o n s i s t e d  of one g i v e n  a t  r o u g h l y  1 0  t o  1 5  . , 
m i l e s  p e r  hour  above t h e  s t a l l i n g  speed  f o r  any p a r t i c u l a r  
c o n d i t i o n ;  t h a t  i s ,  i t  mas c o n s i d e r e d  t h a t  t h i s  warning 
shou ld  be  g i v e n  wi%h power on,  power o f f ,  f l a p s  up ,  o r  
f l a p s  down. Exact measurements of a i r p l a n e  speed  wore n o t  
made, t h e  o n l y  r e a d i n g s  be ing  t h o s e  observed by t h e  p i l o t  
on t h e  mete r  w i t h  which t h e  a i r p l a n e  was r e g u l a r l y  equipped 
and  which was known t o  r e a d  c o n s i d e r a b l y  lower t h a n  t h e  ac -  
t u a l  speed of t h e  a i r p l a n e  a t  t h e  lower  end of t h e  speed 
range .  The e x t r a  e f f o r t  i n v o l v e d  i n  o b t a i n i n g  e x a c t  meas- 
urements  seemed unwarranted  s i n c e  t h e  r e s u l t s  would have 
no more g e n e r a l  a p p l i c a t i o n  t o  o t h e r  a i r p l a n e s  of d i f f e r -  
e n t  form t h a n  would approximate  r e a d i n g s  t h a t  a r e  q u a l i -  
t a t i v e l y  a c c u r a t e .  The r e s u l t s  f o r  t h e  comple te  s e r i e s  
of t e s t s ,  t h e r e f o r e ,  a s  p r e s e n t e d  i n  t a b l e  I a r e  shown i n  
q u a l i t a t i v e  form; t h a t  i s ,  whether t h e  ar rangement  is con- 
s i d e r e d  t o  be s a t i s f a c t o r y  or  u n s a t i s f a c t o r y ,  w i t h  some 
a d d i t i o n a l  remarks p e r t a i n i n g  t o  c e r t a i n  a r rangements .  
Before  a  comparison i s  made of t h e  r e s u l t s  o b t a i n e d  
w i t h  d i f f e r e n t  a r r a n g e m e n t s ,  i t  seems a d v i s a b l e  t o  de- 
s c r i b e  t h e  g e n e r a l  c h a r a c t e r i s t i c s  of t h e  b e h a v i o r  o f  t h e  
d e v i c e  by r e f e r e n c e  t o  f i g u r e  5. T h i s  f i g u r e  shows t h e  
r e a d i n g s  of t h e  meter connected  t o  t h e  s t a l l - w a r n i n g  head 
p l o t t e d  a g a i n s t  t h e  r e a d i n g s  of t h e  a i r - s p e e d  meter  of 
t h e  a i r p l a n e  w i t h  ar rangement  F a n d  a l s o  w.ith t h e  s h a r p  
edge removcd. The r e s u l t s  shown i n  t h i s  f i g u r e  f o r  a r r a n g e -  
ment F a r e  t y p i c a l  of a r rangements  c o n s i d e r e d  t o  be sa t i s -  
f a c t o r y .  I t  w i l l  be n o t e d  t h a t  mhere'as t h e  r e a d i n g  of t h e  
a i r - s p e e d  meter  of t h e  a i r p l a n e  a t  minimum speed i s  42 
m i l e s  p e r  h o u r ,  t h e  warning i s  o b t a i n e d  a t  abou t  59 m i l e s  
p e r  h o u r ,  t h e  speed a t  which t h e  l o c a l  v e l o c i t y  f a l l s  be- 
low 70 m i l e s  p e r  hour .  Without t h e  s h a r p  edge t h e  l o c a l  
v e l o c i t y  over  t h e  l e a d i n g  edge of t h e  wing does  n o t  f a l l  
below 90 m i l e s  p e r  hour .  I t  may a l s o  be no ted  t h a t ,  a l -  
though t h e  dev ice  m a s  s e t  t o  warn when t h e  l o c a l  v e l o c i t y  
r eached  70 m i l e s  p e r  h o u r ,  a change of s e t t i n g  of s o v e r a l  
m i l e s  p e r  hour i n  e i t h e r  d i r e c t i o n  would no t  have  g r e a t l y  
a l t e r e d  t h e  a i r p l a n e  speed  a t  which t h e  warning occur red .  
I n  o t h e r  words ,  t h e  a d j u s t m e n t  of t h e  c o n t a c t i n g  d e v i c e  
was not  c r i t i c a l .  One o t h e r  p o i n t  of p r a c & i c a l  i n t e r e s t  
brought o u t  by . f i g u r e  5 i s  t h a t  i n  t h e  normal f l i g h t  r ange  
t h e  l o c a l  v e l o c i t y  i s  c o n s i d e r a b l y  g r e a t e r  t h a n  t h e  a i r  
speed of t h e  a i r p l a n e ,  s o  t h a t  t h e  p r e s s u r e  u n i t  used  i n  
t h e  c o n t a c t i n g  d e v i c e  must be rugged enough t o  w i t h s t a n d  
p r e s s u r e s  much l a r g e r  t h a n  t h e  dynamic p r e s s u r e  c o r r e -  
sponding t o  t h e  maximum speed of t h o  a i r p l a n e  r s l a t i v e  
t o  u n d i s t u r b e d  a i r .  
I t  a p p o a r s  from a s t u d y  of t h e  r e s u l t s  g i v e n  i n  ta- 
b l e  I t h a t  t h e  f u n c t i o n i n g  of t h e  s t a l l - w a r n i n g  d e v i c e  
i s  a d j u s t a b l e  through a c o n s i d e r a b l e  r ange  by means of 
a l t e r a t i o n s  of t h e  shape  and s i z e  of t h e  s h a r p  edge and 
of t h e  nose  of t h e  head,  I t  a p p e a r s  t o  be v e r y  i m p o r t a n t  
that  t h e  dynamic opening of t h e  head be c l o s e  t o  t h e  wing 
s u r f a c e  i n  o r d e r  t o  a v o i d  t h e  n e c e s s i t y  f o r  a  l a r g e ,  s h a r p  
edge. With t h e  dynamic opening above t h e  wing s u r f a c e  
abou t  one-half  i n c h  as i t  was w i t h  t h e  o r i g i n a l  nose 
p i e c e ,  s a t i s f a c t o r y  r e s u l t s  were o b t a i n e d  on ly  w i t h  t h e  
l a r g e ,  s h a r p  edges of a r rangements  A and B. With t h e  dy- 
namic opening brought  down c l o s e  t o  t h e  s u r f a c e ,  satis-  
f a c t o r y  r e s u l t s  were o b t a i n e d  w i t h  t h e  s h a r p  edge reduced 
t o  a  l e n g t h  of 6 i n c h e s  i n  a  s p a n a i s e  d i r e c t i o n  and a n  
e x t e n s i o n  of 11/16 i n c h  i n  a chordwise  d i r e c t i o n  (a r range-  
ments F and  H ) ,  A f u r t h e r  r e d u c t i o n  i n  s i z e  might  have 
been p o s s i b l e  but  appeared  t o  be u n n e c e s s a r y  i n  view of 
t h e  a p p a r e n t  i n s i g n i f i c a n c e  of t h e  a l t e r a t i o n  of t h a  wing 
c o n t o u r ,  
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I n  g e n e r a l ,  t h e  s t a l l - w a r n i n g  d e v i c e  w i l l  r e q u i r e  
t w o  heads  i n s t a l l e d  on t h e  a i r p l a n e ,  one n e a r  e a c h  wing 
t i p ,  With such  a n  ar rangement  t h e  asymmetry of t h e  an- 
g l e - o f - a t t a c k  d i s t r i b u t i o n  i n  bank ing ,  which amounts t o  
something of t h e  o r d e r  of 50 o r  6O, w i l l  be t a k e n  c a r e  
o f .  Another  advan tage  of p l a c i n g  t h e  d e v i c e  a t  t h e  t i p  
i s  t h a t  i t  can  be p l a c e d  beyond t h e  edge t h a t  i s  covered  
by t h e  r u b b e r  overshoes  t h a t  a r e  commonly used  f o r  de- 
i c e r s .  The sha rp  edge p r o b a b l y  w i l l  be r e q u i r e d  i n  gen- 
e r a l ,  b u t  a t  l e a s t  one example i s  known where in  t h e  ex- 
t reme t i p  p o r t i o n  of t h e  wing was shown by s i l k  t u f t s  t o  
s t a l l  w e l l  b e f o r e  t h e r e  was any l o s s  of l a t e r a l  c o n t r o l  
o r  a p p r e c i a b l e  d i s t u r b a n c e  of t h e  t o t a l  l i f t .  I n  s u c h  a 
c a s e  a p p a r e n t l y  i t  would be  p o s s i b l e  t o  mount t h e  head 
w i t h i n  t h e  r e g i o n  t h a t  w a s  observed t o  be s t a l l e d  a n d  
d i s p e n s e  w i t h  any a r t i f i c a a l  means of s t a l l  p r o d u c t i o n ,  
The s i z e  of t h e  s h a r p  edge r e q u i r e d  on a l a r g e r  wing 
t h a n  t h a t  used  i n  t h e  t e s t s  r e p o r t e d  h e r e i n  i s  open t o  
q u e s t i o n .  A g e o m e t r i c a l l y  s i m i l a r  b u t  sca led-up a r r a n g e -  
ment p r o b a b l y  would be s a t i s f a c t o r y ,  b u t  i t  seems p o s s i b l e  
t h a t  a  r e l a t i v e l y  s m a l l e r  s h a r p  edge might be  s a t i s f a c t o r y .  
The i m p o r t a n t  p o i n t  t o  keep i n  mind a p p e a r s  t o  be t h a t ,  as 
i n d i c a t e d  by t h e  p r e s e n t  t e s t s ,  t h e  dynamic opening shou ld  
be  p l a c e d  c l o s e  t o  t h e  s u r f a c e  and c l o s e  t o  t h e  s h a r p  edge ,  
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  on h i g h l y  t a p e r e d  wings,  
even on v e r y  l a r g e  a i r p l a n e s ,  t h e  t i p  s e c t i o n s  would n o t  
be m a t e r i a l l y  l a r g e r  t h a n  t h e  s e c t i o n  of t h e  r e c t a n g u l a r  
wing on which t h e  t e s t s  were made. 
The b e h a v i o r  of t h e  s t a l l - w a r n i n g  d e v i c e  under  i c i n g  
c o n d i t i o n s  i s  unknown. I n  d e s i g n i n g  t h e  h e a d ,  p r o v i s i o n  
was made f o r  h e a t i n g  i t  e l e c t r i c a l l y  as i s  common p r a c t i c e  
w i t h  a i r - s p e e d  h e a d s ,  a s  p r o p e r  f u n c t i o n i n g  of t h e  d e v i c e  
would demand t h a t  i t  be  k e p t  f r e e  f rom i c e  f o r m a t i o n .  If  
i t  d i d  become c logged w i t h  i c e ,  i t  would presumably g i v e  
a  warning s i g n a l  a s  though t h e  wing were s t a l l e d  a t  a l l  
t i m e s .  The i n f l u e n c e  of i c e  on t h e  s h a r p  edge i n  f r o n t  
o f  t h e  head might o r  might n o t  i m p a i r  t h e  f u n c t i o n i n g  of 
t h e  d e v i c e .  I t  i s  p o s s i b l e  t h a t  t h e  i c e  would cause  t h e  
head t o  i n d i c a t e  a s t a l l  a t  a somewhat lower a n g l e  of a t -  
t a c k  t h a n  customary.  I n  t h i s  c a s e  t h e  e f f e c t  might be de- 
s i r a b l e  s i n c e  i c e  a d h e r i n g  t o  t h e  main p o r t i o n  of t h e  wing 
p r o b a b l y  would cause  t h e  complete wing t o  s t a l l  e a r l i e r  
t h a n  u s u a l .  d 
I t  i s  of i n t e r e s t  t o  n o t e  a p a r t i c u l a r  a p p l i c a t i o n  
t h a t  t h e  d e v i c e  might have t o  h i g h l y  maneuverable p u r s u i t  
o r  f i g h t e r  a i r p l a n e s .  S e v e r a l  such  a i r p l a n e s  a r e  so  e a s i -  
l y  s t a l l e d  wi thou t  warning i n  v i o l e n t  maneuvers t h a t  such 
s t a l l i n g  i s  o f t e n  i n a d v e r t e n t .  I t  may occur  i n  d i v e  p u l l -  
o u t s ,  s h a r p  t u r n s ,  l o o p s ,  o r  o t h e r  manouvers a t  speeds  
r a n g i n g  f rom t h e  minimum spead i n  l e v e l  f l i g h t  Co abou t  
two- and one-hal f  t imes  t h i s  minimum speed ,  depending upon 
t h e  a c c e l e r a t i o n  imposed. When t h e  s t a l l  o c c u r s  t h e  a i r -  
p l a n e  r o l l s  more o r  l o s s  v i o l c n t l y ,  depending on how t h e  
s t a l l  d e v e l o p s  and t h e  s t a b i l i t y  c h a r a c t e r i s t i c s  of t h o  
a i r p l a n e .  I n  f a c t ,  t h e  m a n e u v e r a b i l i t y  of t h e  a i r p l a n e  
may be s e r i o u s l y  l i m i t e d  by t h i s  c h a r a s t e r i s t i c .  I t  would 
a p p e a r  t h a t  t h e  s t a l l - w a r n i n g  d e v i c e  would ba v e r y  u s e f u l  
i n  such c a s e s  and i t  a p p e a r s  d e s i r a b l e  t h a t  a n  i n s t a l l a -  
t i o n  be made on a n  a i r p l a n e  of t h i s  c l a s s  f o r  f l i g h t  t r i a l s .  
I t  would be v e r y  i m p o r t a n t  i n  such  a n  i n s t a l l a t i o n  t h a t  
t h e  moving p a r t s  of t h e  c o n t a c t i n g  d e v i c e  o r  o t h e r  moving 
p a r t s  be u n a f f e c t e d  by t h e  h i g h  a c c e l e r a t i o n .  
In conclusion, it is desired to point out that the 
application of the principles involved in the stall-warn- 
ing device is subject to a wide variation as regards the 
constructional d'etails. The head used in the flight tests 
was built around a cylindrical heating element of the type 
that has been used in certain electrically heated pitot 
tubes, A neater installation of the head is undoubtedly 
possible in view of the fact that the only part that need 
be exposed to the air strea*m is the dynamic opening. The 
static reference pressure could be obtained from an ori- 
fice set flush with the wing surface or possibly the in- 
ternal wing pressure or cabin pressure could be used as 
a satisfactory reference pressure. It is necessary, how- 
ever, with whatevor type of head used, to provide suitable 
.drains and a heating element to prevent rain and ico from 
interfering with the functioning of the device. Theso re- 
quirement s will, in a large measure, determine the design 
of the head. 
Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., February 10, 1938. 
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